In conclusion, our data agree with previous studies in suggesting more global WM damage in mild AD, which also includes damage to the left UF. However, damage to this particular tract is not robustly associated with verbal fluency decline at this stage of disease.
Verbal fluency tests, involving letter and category fluency, regularly show considerably worse scores in Alzheimer's disease (AD) patients in comparison to cognitively healthy elderly control subjects (HC) [1] . The letter fluency (LF) and category fluency (CF) tests require a subject to produce as many words as possible in 1 minute. In the LF test words need to begin with a specific letter (e.g., S), whereas in the CF test produced words need to belong to a specific category (e.g., animals). Impaired verbal fluency in AD patients has been associated with rapid disease progression, probably reflecting advanced deterioration of the frontal networks [2] . Other brain areas have also been associated with verbal fluency, e.g. inferior parietal lobe, insula, and putamen, among others [3, 4] .
While knowledge on grey matter cortical areas supporting verbal fluency is growing, little is known on possible associations between white matter (WM) deterioration and verbal fluency decline in AD. Previous research has suggested that the uncinate fasciculus (UF) is among the most affected WM tracts in manifest AD [5] . The UF connects the temporal pole with the orbitofrontal cortex [6] : it originates and terminates in brain areas already affected by the disease in mild AD. The UF has been associated with retrieval of proper names of famous faces [7] , semantic control [8] as well as with word production, word retrieval from semantic memory, and inhibition of competing words from short-term memory [9] .
Given the relevance of the anterior temporal area for lexical retrieval [10] and the role of the frontal areas (e.g., pars orbitalis) in language, in the present study we investigated whether there would be an association between the deterioration of this tract in AD and patients' decline of verbal fluency. 
Abstract
The association between verbal fluency deficit in Alzheimer's disease (AD) and deterioration of specific white matter (WM) tracts is currently not well understood. Using diffusion tensor imaging, we investigated a possible association between the left uncinate fasciculus, which has been implicated in word retrieval, and verbal fluency deficit in AD. A comparison of five properties of WM (fractional anisotropy, mode of anisotropy, mean diffusivity, radial diffusivity, and axial diffusivity) in 28 mild AD patients and 26 age-, gender-and education-matched healthy controls revealed significant group differences in a range of WM tracts. Looking specifically at diffusion parameters' values for the left uncinate fasciculus and verbal fluency scores in the AD group, we observed a positive trend between the letter fluency scores and mode of anisotropy values (r = 0.36, p = 0.55). Thus, our data suggest more global WM damage in mild AD, which also includes damage to the left uncinate fasciculus. However, damage to this particular tract is not robustly associated with verbal fluency decline at this stage of disease. Studies of patients with the semantic type of primary progressive aphasia have shown associations between UF changes and single word comprehension and naming, but not with verbal fluency [14] . Awake intraoperative electrostimulation studies involving patients undergoing a tumor resection in either anterior temporal or orbitofrontal region suggest that the UF may be redundant for language [15] .
However, in slow-growing tumors, the slow Figure 1 . Tracts with significant (p < 0.05, TFCE-corrected) AD-HC differences. A, anterior; AD, mild Alzheimer's disease; AxD, axial diffusivity; FA, fractional anisotropy; HC, healthy controls; I, inferior; L, left; MD, mean diffusivity; MO, mode of anisotropy; P, posterior; R, right; RD, radial diffusivity; S, superior; TFCE, threshold-free cluster enhancement.
